It is not known how the relationship between weight change and mortality is influenced by initial body mass index (BMI) or the magnitude of weight change. Methods: We use the nationally representative Health and Retirement Study (n ϭ 13,104; follow-up 1992-2006) and Cox regression analysis to estimate relative mortality risks for 2-year weight change by initial BMI among 50-to-70-year-old Americans. We defined small weight loss or gain as a change of 1-2.9 BMI units and large weight loss or gain as a change of 3-5 BMI units. Results: Large and small weight losses were associated with excess mortality for all initial BMI levels below 32 kg/m 2 (eg, hazard ratio [HR] for large weight loss from BMI of 30 ϭ 1.61 [95% confidence interval ϭ 1.31-1.98]; HR for small weight loss from BMI of 30 ϭ 1.19 [1.06 -1.28]). Large weight gains were associated with excess mortality only at high BMIs (eg, HR for large weight gain from BMI of 35 ϭ 1.33 [1.00 -1.77]). Small weight gains were not associated with excess mortality for any initial BMI level. The weight loss-mortality association was robust to adjustments for health status and to sensitivity analyses considering unobserved confounders. Conclusions: Weight loss is associated with excess mortality among normal, overweight, and mildly obese middle-and older-aged adults. The excess risk increases for larger losses and lower initial BMI. These results suggest that the potential benefits of a lower BMI may be offset by the negative effects associated with weight loss. Weight gain may be associated with excess mortality only among obese people with an initial BMI over 35.
P
rior studies show that weight loss is associated with an increase in mortality despite adjustments for baseline health status, [1] [2] [3] [4] [5] [6] [7] [8] [9] and that weight gain may be associated with decreased 1,5,7,9 -14 or increased mortality. 4, 6, 15 It is not well understood how the effect of weight change depends on initial BMI, or on the magnitude of the change.
We build on prior work by studying the link between 2-year weight change and mortality among adults aged 50 -70 years. In contrast to previous work, 3-5,8,10 -12,14 we simultaneously examine 2 important modifiers of the weight changemortality relationship. First, we examine how initial BMI modifies the effect of weight change. Because extreme levels of BMI carry a high mortality risk, 16 -20 we hypothesize that losses from higher BMI levels and gains from lower BMI levels might be more beneficial (or less harmful) than losses from lower levels or gains from higher levels. Second, we examine the influence of the magnitude of weight change. We account for potential confounders such as health status, smoking, and physical activity, and we study the sensitivity of our results to unobserved confounders.
While some prior work has addressed the influence of initial weight status or the magnitude of weight change, most studies have considered only one modifier at a time. 3-5,8,10 -12,14 Studies that simultaneously examine the influence of both modifiers have considered longer term weight change measured over decades, 7, 9, 13 or have been potentially limited in statistical power. 1, 2, 6 We contribute to the literature on shortterm weight change and mortality by simultaneously examining the influence of initial BMI and magnitude of weight change in a large, nationally representative sample of middleand older-aged adults.
METHODS

Participants
This is a prospective cohort study. We use the Health and Retirement Study, a nationally representative panel survey of Americans aged 50 and over and their spouses. 21 This study has 5 entry cohorts, and we include persons who were 50 -70 years old when entering the study. Our respondents are from the initial cohort (born in [1931] [1932] [1933] [1934] [1935] [1936] [1937] [1938] [1939] [1940] [1941] and entering the study in 1992), the Children of Depression cohort (born in 1924 -1930 and entering in 1998), and the War Babies cohort (born in 1942-1947 and entering in 1998). We exclude the Early Baby Boomers cohort because there is no follow-up after the weight change measurement. The Assets and Health Dynamics Among the Oldest Old cohort is excluded because the questionnaire is not fully consistent with those of other cohorts and the primary respondents were over age 70 when entering the study.
The total number of subjects is 14,823 before further exclusions (11, 774 from the initial Health and Retirement Study cohort, 2259 from the War Babies cohort, and 790 from the Children of Depression cohort). We exclude 464 subjects because of item nonresponse; 2 subjects because they had died according to the National Death Index (the source for our death times) but were alive according to the Health and Retirement Study; 808 subjects because of attrition before the second interview (the point at which weight change is measured); and 445 subjects because their weight change was very large (more than 5 BMI units) and potentially more likely to be a product of underlying illness. The remaining sample size is 13,104 subjects (10,404 from the Health and Retirement Study cohort; 2010 from the War Babies cohort; 690 from the Children of Depression cohort), with 1983 deaths over an average follow-up of 9.7 years.
Variables
Initial weight status is measured as BMI (kg/m 2 ) and constructed from self-reported weight and height at first interview. Weight change is measured in BMI units and is based on weight change between the first 2 interviews, which are approximately 2 years apart. We categorize weight change as large loss (3.0 -5.0 BMI units), small loss (1.0 -2.9 units), large gain (3.0 -5.0 units), and small gain (1.0 -2.9 units). The reference group ("stable weight") is all those with weight change less than 1 BMI unit. For a person who is 5 foot 5 inches (1.65 m) tall, "stable weight" is less than 6 pounds change (2.8 kg), "small weight change" is 6.0 -17.9 pounds (2.8 -8.1 kg), and large weight change is 18.0 -30.0 pounds (8.2-13.6 kg). Our results were not sensitive to small changes in the cutoff points for BMI change.
Measurement of survival time starts from the second interview; month and year of death are obtained from the National Death Index. There were no National Death Index records for 93 subjects who had died according to the Health and Retirement Study. For these subjects we estimate the death time to be in between the interview where the person was last seen alive and the next interview. The results were not sensitive to the exclusion of these subjects.
We control for both self-reported health conditions and self-rated health. The Health and Retirement Study has data on 8 conditions based on responses to 2 types of questions: "Has a doctor ever told you that you have . . ." (first interview) and "Since we last talked to you, that is since ͓last interview date͔, has a doctor told you that you have . . ." (second interview). If the respondent had answered affirmatively in the first interview but denied having had the condition in the second interview, he or she was coded as not having had the condition for both interviews. For each of the 8 conditions, we construct 2 indicator variables; one for having the condition at the first interview and another for having been diagnosed with the condition between the first 2 interviews.
We also adjust for initial self-rated health and changes in self-rated health during the weight-change period. Selfrated health is reported as excellent, very good, good, fair, or poor in both the first and second interviews. We code selfrated health as a continuous variable with 5 ϭ excellent and 1 ϭ poor. Change in self-rated health (continuous) ranges from Ϫ4 (from excellent to poor) to ϩ4 (from poor to excellent). Using categorical rather than continuous variables did not change our results.
Additional control variables are sex, age (years), cohort, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other), education (years), household income, physical activity (indicator for 3ϩ times vigorous activity/week), and smoking (never/former/current).
Statistical Models
We use 4 proportional hazard models to estimate the effects of weight change on mortality: Model 1a estimates the main effect of weight change and adjusts for demographic and behavioral variables. 
where WeightChange is a vector of weight change indicators (large weight loss, small weight loss, large weight gain, small weight gain); InitBMI is continuous initial BMI and squared initial BMI; ChangeInit is the interaction between weight change and initial BMI; D is for demographic and behavioral variables (age, age squared, sex, race/ethnicity, education, household income, HRS cohort, smoking, physical activity); and H is for health variables (preexisting conditions and conditions diagnosed during the weight change period, self-rated health at the first interview and changes in self-rated health during the weight change period). Using these models, we estimated hazard ratios (HRs) and 95% confidence intervals (CIs).
The weight change-initial BMI interaction is constructed from categorical weight change and continuous initial BMI. We do not use squared BMI in the interaction because preliminary analyses suggested that the effect of weight change depends linearly on initial BMI; interactions with higher order terms of initial BMI were not statistically significant; and our results were insensitive to the inclusion of the squared BMI in the interaction. We do, however, include squared BMI as a control variable to capture the nonlinear main effect of initial BMI on mortality. [17] [18] [19] 22, 23 Models 1a and 1b omit the weight change-initial BMI interaction, so the effect of weight change on mortality hazard ratio is estimated as exp(␤ 1 ) for all initial BMI levels. For Models 2a and 2b, the effect at a given initial BMI level is exp͑␤ 1 Ј ϩ ␤ 12 Ј BMI), where ␤ 1 and ␤ 12 are the main effect of weight change and the weight change-initial BMI interaction, respectively. We estimate the effects of weight change for initial BMI levels ranging from 18.5 to 40.0.
We use time-on-study for time scale and adjust for age and age squared; this approach performed well in a study comparing 6 different choices of time scale in cohort studies. 24 We estimate the model parameters by maximizing the partial likelihood with the Newton-Raphson algorithm. We handle ties with the approximate likelihood method 25 and account for the clustering of subjects within households by using the robust variance-covariance estimator. 26 Please see the eAppendix (http://links.lww.com/EDE/A339) for further details on the data and methods.
RESULTS
Descriptive Analyses
Of the 13,104 respondents, 15% died during follow-up (Table 1 ). Univariate statistics suggest that stable weight persons have a lower mortality risk than all weight change categories except the small-weight-gain category. The proportion deceased was lowest in the small-weight-gain category (13%) and highest in the large-weight-loss category (24%). Mean follow-up for those who died was on average 6.1 years, and was shortest (5.2 years) in the large-weightloss category. Mean age was 56.9 years at the first interview; 50% of the samples were women; and 74% were nonHispanic white. Table 2 shows health characteristics of the whole sample and within the weight change categories. In the whole sample, 33% were normal weight (BMI: 18.5-24.9) at baseline; 42% were overweight (BMI: 25-29.9), and 24% obese (BMI Ն30). The proportion obese was largest in the largeweight-loss category (57%) and smallest in the stable-weight category (18%). Average self-rated health at first interview was 3.4 (between good ͓3͔ and very good ͓4͔). Self-rated health was lowest in the large-weight-loss and highest in the stable-weight categories. At first interview, 37% of respon- dents were free of preexisting conditions. During the weightchange period, 17% were diagnosed with a new medical condition. Relative to the stable-weight group, the weightchange groups tended to have both higher prevalence and incidence of conditions. Table 2 also shows that people experiencing weight changes are less healthy and are more likely to be obese than those with stable weight, highlighting the importance of adjusting for both health status and initial BMI.
Regression Analyses
Next, we consider multivariate analyses where relative mortality hazards for weight change are estimated while controlling for demographic, behavioral, and health characteristics. Table 3 shows the estimated relative hazards for weight change for the 4 models. Models 1a and 1b estimate the main effect of weight change averaged across all BMI levels, while Models 2a and 2b (which include an interaction between weight change and initial BMI) estimate the effect of weight change at different levels of initial BMI. The reference group is always stable weight. For example, the hazard ratio of 3.55 in Model 2b for large weight loss and initial BMI of 18.5 means that, given initial BMI of 18.5, those who experienced a large weight loss had 3.55 times higher risk of death than those with stable weight.
In Model 1a (not controlling for health status) large and small weight losses are associated with increased mortality. In Model 1b, where we control for health status, weight loss continues to be associated with increased mortality, though the magnitude of the effect decreases (from 1.83 to 1.59 for large weight loss, and from 1.34 to 1.20 for small weight loss). Large weight gain is also associated with excess mortality in Model 1a with estimated hazard ratio 1.34, but in Model 1b the estimate falls to 1.12. Small weight gains are not associated with mortality in either of the models. Models 2a and 2b add weight change-initial BMI interactions to Models 1a and 1b. Model 2a, which does not control for health status, shows that the effect of weight loss on mortality is attenuated by initial BMI: the higher the initial BMI, the smaller the effect. For example, the effect of large weight loss is 2.99 at an initial BMI 25, but decreases to 1.17 at an initial BMI 35. In contrast, the effect of large weight gain is magnified by initial BMI; the higher the initial BMI, the larger the effect. Small weight gains are not associated with mortality.
Model 2b, whose results are also illustrated in the Figure, extends Model 2a by adding controls for health status. Controlling for health decreases the magnitude of the weight loss effects, but the overall pattern does not change. Both large and small weight losses continue to be strongly associated with excess mortality for initial BMI levels below 30.
The association thus weakens as initial BMI increases and disappears in the BMI range of 30 -35, the exact thresholds being 33 for large weight loss and 32 for small weight loss (see Figure) . Large weight gains are estimated to increase mortality if initial BMI is over 35, and small weight gains continue to be not associated with mortality for any initial BMI level.
In summary, both large and small weight losses are associated with increased mortality, even among those who were overweight or mildly obese at baseline. Overall, the larger the loss and the lower the initial BMI, the larger the effect. Large weight gains are not associated with increased mortality unless baseline weight is in the range of Class II obesity or higher (BMI Ͼ35). Small weight gains are not associated with increased mortality at any level of initial BMI.
Sensitivity Analyses
We study the robustness of our main results on weight loss (Model 2b) to unobserved confounders using the method a For Models 1a and 1b, which do not include the interaction between weight change and initial BMI, the effect is estimated as exp(␤ 1 ), where ␤ 1 is the main effect for BMI change. For Models 2a and 2b, the effect is estimated as exp(␤ 1 ϩ ␤ 12 ϫ BMI), where ␤ 1 is the main effect for BMI change and ␤ 12 is the estimated coefficient for the product interaction term between initial BMI and weight change.
b Reference category. c Model 1a: Controls for BMI, BMI squared, sex, age, age squared, race/ethnicity, cohort, education, household income, physical activity, and smoking. The effect is constant across initial BMI because there is no weight change-initial BMI interaction.
d Model 1b: Extends Model 1a by adding controls for preexisting conditions, changes in diagnosed conditions, initial self-rated health, and changes in self-rated health. e Model 2a: Controls for BMI, BMI squared, sex, age, age squared, race/ethnicity, cohort, education, household income, physical activity, and smoking. The P for the weight change-initial BMI product interaction term is less than 0.001. f Model 2b: Extends Model 2a by adding controls for preexisting conditions, changes in diagnosed conditions, initial self-rated health, and changes in self-rated health. The P for the weight change-initial BMI product interaction term is 0.004. of external adjustment. 27 While we control for observed health status, our findings could still be confounded by unobserved differences in health status. We consider the possibility of a confounder with a prevalence in the weightchange categories ranging from 0.0 to 0.6, an effect on the HR of 1.5, 2.0, or 2.5, and with a prevalence 50% higher in the weight-change categories than in the stable-weight group. Table 4 shows the confounder-adjusted hazard ratios for weight loss, calculated for initial BMIs of 25 and 30. For large weight loss, the magnitude of the effect stays large at both levels of initial BMI (Ͼ1.90 for initial BMI 25, Ͼ1.35 for initial BMI 30) , and the effects are precisely estimated at all confounder combinations. Small weight losses remain associated with increased mortality for initial BMI levels 25 and 30 unless both the effect of the confounder on mortality and the confounder prevalence are high (2.0 -2.5 and 0.4 -0.6, respectively). The existence of such a powerful confounder-one which is not among the diagnosed conditions, affects approximately half of those who are losing weight, and doubles the mortality risk-seems unlikely.
We also studied the sensitivity of our results by estimating the Model 2b after excluding those with pre-existing conditions; those in fair or poor health at baseline; previous and current smokers; and those who died within 1, 2, or 3 years of follow-up. The results (shown in the eAppendix, http://links.lww.com/EDE/A339) did not change in any meaningful fashion.
DISCUSSION
Short-term weight change, compared with stable weight, is a risk factor for mortality among older Americans. The direction and magnitude of risk, however, depends on the direction and magnitude of the change itself, as well as on the initial BMI. In this study, weight loss was associated with increased mortality among normal and overweight people, as well as mildly obese people up to a BMI of ϳ32-33, which includes the lower range of class I obesity (30 -34.9). These findings suggest that weight loss itself, or the practices used to lose weight, may be harmful even if one is overweight or mildly obese. Large weight gains may also be associated with increased mortality, although only among people who have already reached Class II obesity or above (BMI Ͼ35). Lastly, we found no evidence that small weight gains change mortality risk at any level of initial BMI.
To minimize confounding from unintentional weight loss due to illness, we controlled for diagnosed conditions and self-rated health before weight change, as well as changes in these factors during the weight change period. We also conducted sensitivity analyses excluding those with pre-existing conditions, poor health at baseline, smokers, and those who died within a short period from the start of the follow-up. The observed weight loss-mortality association could still, however, be due to undiagnosed conditions. Hazard ratio estimates adjusted for unobserved confounding suggest that the unmeasured confounder would need to have both high prevalence and a very large effect on mortality to dissipate the weight loss effects. Existence of such an unknown confounder seems unlikely.
To summarize, large and small weight losses (compared with having a stable weight) are indicators of increased mortality among 50 -70-year-old people who were normal, overweight, or mildly obese at baseline. Weight gain, on the FIGURE. Mortality hazard ratio (Log Scale; solid line) and 95% confidence interval (dashed line) for 2-year weight change by initial body mass index (Model 2b). Reference group: stable weight (change Ͻ1 BMI units). Large weight gain or loss refers to 3-5 BMI units; small weight gain or loss refers to 1-2.9 BMI units. Note that the scale of the vertical axis in the first figure part is different from the other figure components.
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Weight Change, Initial BMI, and Mortality other hand, may also be associated with excess mortality, but only among people who are already obese and if the gain is large. The observed interaction between weight loss and initial BMI may partly explain the discrepant findings in previous studies on the magnitude of the effects of weight loss on mortality, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] as the magnitude of the effect observed in any given study may strongly depend on the baseline BMI distribution of the study subjects.
The modifying effect of initial BMI in the weight loss-mortality association may be due to differential balancing of the benefits of a lower weight status and harmful effects associated with weight loss or weight loss practices. It is well-known that many weight loss methods such as smoking, fasting, and diet drugs can have harmful effects. Earlier studies have shown that among middle-aged and older people, overweight is not associated with excess mortality. 16,20,28 -30 Recent literature also suggests that obese class I (BMI 30 -34.9) may not be associated with increased mortality, compared with normal weight. 16, 17, 20 Hence, we would not necessarily expect people losing weight from initial BMI levels between 25 and 35 to benefit in terms of mortality, and if weight loss practices are unhealthy, one might expect increases in mortality. Among older people, only obesity levels over BMI 35 are consistently associated with increased mortality. 20 Thus, losing weight from these high levels could potentially result in no effect or a decrease in mortality. For normal weight people, weight loss may increase mortality as BMI approaches underweight levels, which are known to be associated with higher mortality. 16, 17, 20 The above reasoning also applies when interpreting the finding that weight gains may be associated with increased mortality only if initial BMI is well into the obese range: if having a BMI between 25 and 35 is not associated with excess mortality when compared with normal weight, gaining weight from an initial BMI level of 25-30 may not be associated with excess mortality. If initial BMI is close to the range where BMI is positively associated with mortality (BMI ϳ35), then gaining weight may increase mortality risk.
As noted above, we conducted several sensitivity analyses suggesting that undiagnosed conditions are unlikely to be responsible for the whole weight loss-mortality association. It is nevertheless possible that such conditions may be responsible for a part of the effect. Moreover, in cases where death and weight loss are both being driven by underlying illness, the modifying effect of initial BMI in the weight loss-mortality association would support the "obesity paradox" hypothesis, 31 indicating that when such conditions occur, being obese may be protective.
This study has limitations. First, BMI was constructed from self-reported height and weight. Self-reported and clinically measured height and weight are known to be highly correlated, 32 and the correlation for weight may be as high as 0.98 among older persons because of diminished cultural pressures to be thin. 33, 34 Second, the data did not allow us to study causes of death. As recent research has shown that the BMI-mortality association varies by cause of death, 35 the effect of weight change may also vary by cause of death. Prior research has found that weight loss may be associated with increased cardiovascular and coronary heart disease mortality 1, 14, 36 and non-cancer mortality, 4 but with decreased diabetes-related mortality. 15 In a recent study on long-term weight loss from age 20, the effect of weight loss on mortality was mainly driven by causes other than cancer and cardiovascular disease, but the "other causes" category was not further explored. 9 Further research could consider more detailed cause-specific mortality. Third, we did not have direct information on whether weight losses were intentional. We did, however, include extensive controls for underlying health conditions, as well as changes in these conditions, to adjust for sources of unintentional weight loss. Indeed, to the extent that changes in health status are a product of weight loss and on the causal pathway between weight loss and death, these controls may constitute an "over-adjustment," lending a conservative bias to our estimates. Lastly, our results were also robust to several different sensitivity analyses designed to address the issue of confounding from underlying illness. Despite these limitations, our findings have important implications. We found weight loss to be associated with increased mortality among both overweight and obese persons up to a BMI ϳ32. If weight loss from these BMI levels is potentially harmful, public health policy should focus on prevention rather than "treatment" of overweight and obesity. In the US, 62% of those who considered themselves somewhat overweight and 52% of those who considered themselves a little overweight reported that they were trying to lose weight. 37 Even small weight losses were associated with increased mortality, and patients, especially those who are not obese, should be educated on the potentially harmful effects of weight loss from unhealthy diets or other weight-loss behaviors. More research is needed on the health effects of various weight loss strategies (dieting, exercise, eating disorder behavior) used by the general population; simply knowing whether the loss is intentional may not be enough.
While our results failed to show overall benefits to mortality from weight loss, this is not inconsistent with research showing that weight loss decreases cardiovascular risk factors such as hypertension and hyperlipidemia, 38, 39 and that weight loss may be associated with decreased mortality in certain subpopulations, such as overweight patients with diabetes. 5, 15 We find, however, no evidence in the general population aged 50 -70 that weight loss, when compared with having a stable weight, would decrease mortality for overweight persons or mildly obese persons with BMI up to about 32. Among the morbidly obese, large weight loss achieved by bariatric surgery has been shown to decrease mortality. 40 This is in line with our estimate of 0.81 (95% CI ϭ 0.50 -1.30) for the hazard ratio for large weight loss from an initial BMI of 40.
In summary, our findings suggest that for older persons, weight loss is not associated with a decrease in all-cause mortality and may even be associated with increased mortality among normal, overweight, and mildly obese people. Weight gains, large and small, on the other hand, seem to be harmless among normal and overweight people, and potentially harmful only among those who are well into the obese range. Given that (1) only a small proportion of older people is obese and gaining weight and (2) a relatively large proportion is losing weight from the normal or overweight range, weight losses might warrant more attention than weight gains.
